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Accesstoonlineinfcmationmun:esofaerospace,
scientific,andengineeringdata,amissionfocusfor
NASA's ScientificandTechnicalInformationProgram,
hasalwaysbeenlimitedbyfactorssuchastelecommu-
nicatims,querylanguagesyntax,lackofstandsrdi_-
tioeintheinfomatiou,and thekck ofadequatetooisto
assistinsearching.Today,theNASA STI Program's
NASA AccessMechanism(NAM) prototypeoffersa
solution totheseproblems by providing the user with a
setoftoolsthatprovideagraphicalinterfacetoremote,
heterogeneous,anddistributediofommtioninamanner
adaptabletobothcasualmd ezpertuse_.Additionally,
theNAM providesaccesstomany Inunet-based
servicessuchasElectronicMail(F.mail),theWide
AreaInfotmat_nServersOVALS) system,Peer
Locating tools, and electronicbulletinbom_
(USENET). The NAM is ccmsuecled using a tool kit
approach,makinguseofstanda_is(UNIX,TCP/IP,X
Windows,OSF/Moti0andtoolsthatmake itadaptable
tovarioushostand_ platfcms.
Bae_ound
"lineNASA Scientific and Technical Infonnalion
(STI) Program has a requirementto provide its user
community with easy access to relevants_ienfificand
technicalinformation(STI)worldwide.Thisinforma-
tionrequirementcovers_ anddevelopment
activitiesrangingfrombasicresearchtoapplied
engineeringandmaintenance,and involvesnearly
every discipline. The kind of STI needed by this
community includes complete reports of basic research,
observationdata,graphic_resentafim= of observation
and information available flmmgh persveal
contacts.
Some ofthisinformatio_isavailable in several
onlinedatabasesystemssuchastheNASA STI
Dalabase or bulletin board systems,but the information
from peer contacts is a vital part of solving the informa-
tim mtuiremeat. Peer contacts are made using the
_ep_ee, _-_t_.e, andCmae=ing]y)e_-
ironicmail.
In 1990, the STIProoam gained new resoerc= for
meeting itsburgeoninguserrequirements,a new
nmnagemem staff that has experience in networked
access to multiple databases and knowledge about
major technical advances such as the Intelligent
Gateway Processor (IGP), which was developed at
Lawrence Livcvrno_ National Laboratories 0A2qL) in
1983 under sponsorship _ NASA. the Departngnt of
Energy(DOE),andthe _urunent of Defense 0)oD).
With these new _om_es, the STI Program quickly
initiated a study d user requirements to determine the
feasibility of providing an intelligent gateway system to
assist use_ with access to multiple sources of STI. The
report resulting from this study (NASA Gateway
Requirements Analysis Report, #NSOOI RI) stated that
the user community utilized div_ sources of STI, and
thatasignificantnumber ofSTI userswantedtoaccess
informationwithoutleavingtheiroffices.Another
finding was thattheInteractisa powerful _ tool,
but that knowledge and use of the Internet was found
only randomly throughout the community. The t_po_'s
recommendation was to provide a _ system to
theusercommunity, to demonstrate facilitatedd _
acce_toneededsourcesofSTL
Des_ Consideralions
NASA isusinga rapid Wototypingapproachto
allowitsusersm participatein heprocessofdesigning
thefinalsystem.Usersam thebestevaluatorsofthe
relative value of the information available from the
various sources; only users can decide the appropriate
level of assistance a_l best 'look and feel' to be
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providedbytheinu_ace.Oncethecommunityhashad
somexperie_e with the Im3totype, they will be better
able to m'ticulate what must be provided by a produc-
tion version of the system.
This prottxype builds on the work of many ather
organizafiom. Many of its facilities ale a synthesis of
ideas and existing capabilities from other projects,
presented in mt intuitive, easy-to-use nmnne_. For
example, the IGP software can use the commumications
and networking capabilitiesof a host system to commu-
nicate ova both synchronous and asynchronous dial-up
and leased lines, and to use TCP/IP to access ot_
hosts located on the Inte_net. It also provides a capal_-
ity to communicate simultaneously with multiple
connections under the control ct intelligent 'scripts' to
autmnate logins, uansfcr film, control usa access to
sha_ I/O (input/output) rmmuces, select optimal
routing, and initiate tasks on the target machine(s).
However, the IGP was written for the type ¢fflenninal
common in the 1980s, which transmitted infommtion a
line at a time to the host system; it needed to be brought
into the technology of the '90s and beyond.
Many technological improvements have become
available since Ihe IGP was developed. For example,
today bit mapped weAstafions and graphical user
interface (GUI) softwm'e, make it possible to provide an
icon-driven interface. This type of interface provides
the user an intuitive approach to w_orming more
c_mplex tasks in a rich information emvkonment.
Distributed, cficnt-scfver architectures have replaced
the centralized scsourcc comrol of the '80s and make it
possible to take advantage of the information retrieval
applications and standards of the "90s. _ -
changes, NASA itself has undergone a deanogmphic -
change, it now_a workforce that includesmcfe
recent graduates who _ _ to using cornput-
ers and databases themselves. _y of _ users are
eager to conduct online research thansclvcs from their
deslazpworksmtio .
In the fall of 1991, NASA began to design the
NAM. basedon thc_" requircneaUstatedin
NSOOIRI aswellastheIcsso_Icam_ fromearlier
gateway efforts at other agencies. For the first lSOto-
type, the following functional requirements wac
deemed to be essential for the NASA cvmmunity:.
• A system which could be used by _._ts or
engineen fmmtheirdesktops,aroundthe
A tool to assist users in locating an apprvpria_
source of infmmation for their subject
Simple access to the sources of infmnatm
commonly used in the STI Program user
community
Assistance in using the information sources to
pe_orm the most common queries
Differem levels of assistance for users who are
inexperienced in using these sources of informa-
lion, and expert users of these systems
Assistance in viewing, extracting, and saving
reu-ieved dam
Tools to make usen aware of Intemet facilities,
and which simplify their use.
NAM Architecture
The NAM lm_totyp¢ _ consists of eight
sepmme module.s:
• The NAM Server
• Communications Tool Kit
• Intelligent Resources Loca_
• Databme of _
• Email taol
• Utilities
• Xll R4 ClientandOSF/Motiftooi kit
• Xl I R4 Server.
The interaction of each of these modules is
depictedinFigure1:
module comm_tes with other modules
usinga clearly _ protocol. The undedying
_ _m provide mis support is _ upon
the_ Communica_ons __u_m_s
wovidvd by the UNIX Socket Int.'face (the BSD
socket library is a widely accepted communications
absncdon, suppon_g many platforms ether than
UNIX), which supports peer-to-peer communications
primitiveswellsuitedfor client/server and distn'butcd
application mchitecuues.
The design of the NAM prototy_ facilita_
distributing each module to different processors. There
are sevemi_easons_ this design. Fun-t,to improve
palm redabmtybyd ributing portionsof
the application to processors at the users' sites. Second,
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Figure 1. NAM Prototype System Modules
to allow for ctmlomizafion at the module level for the
geographicaBy dispersed tmm_ Third, to accommodate
a multi-vendor, multi-platform environmenL Fomth, to
allow for dedicated machines for certain tasks, such as
demba_ machines, whem n_lcd.
The HAM Server includes the Communicmims
Tool Kit, which in itself wovides a modular aPlxoach
to providing communications capability to information
retrieval syslems external to the NAM. The Communi-
cations Tool Kit modules provide zpamtim of the us=
interface from the code, to make NAM a u'ue server
with no direct usm"interface. This facilitates modifica-
tion of the user interface in response m us_ _sling,
while not affecting the server code. Another module
provides batch and deJayod operations. This allows
ring intensive tasks to be scheduled for execu-
tion at off-peak hours when communi_ons costs are
lower or when contention for network bandwidth is not
as sevorc.
Another module of the HAM Serve_ is the Intelli-
gent Rcsomce Locator. This module provides informa-
tion about the various remote sources and their
coverage of subjects of interest m fl_ users, h lx_vides
a mechanism to updale a source's relevance score, for
the chosen subject based on the usas' disposi6on of
closely with the Database of Databases, which main-
rains the records of the remote sources, their subject
coverage, and relevance scores for each subjecL
The final server module is _m electronic mail tool,
which provides access to Interact mail via an X-basod
user agenL It includes gateway capabilities to many
ocher mail systems, averting the need for users to know
the routing syntax from the NAM mail system to the
other systems.
The NAM client software is a custom built
windowing application, tailored to the requirements of
the ST[ Program user community. This GUI is built
using the X-Windows system and the OSF/Motif
toolkiL Use of standard software for the client ensures
that the application will be portable to the variety of
platforms found in the STI Program user community,
such as UNIX workstations, DOS-based personal
computers, and Macintosh systems, while providing a
unified look-and-feel. The prototype system is being
developed in a disuibuted, multi-vendor platform
environment, with the use of standards emphasized to
maximize the potential for migration to other platforms
in future versions.
The HAM includes several components that can be
disln'buted among geographically dispersed platforms,
semch results from that sourc_ This module works ,, _byanetworkmnningtheTCP/IPprotocols. The
system requirements for each module are as follows:
• NAM server module requires C on a UNIX
platform (currently a Sun SPARC 4/470 )
• Communications Tool Kit module requires
PERL on a UNIX platform
A query formulation window that assists users
in p_foming the most common types of
searches
A laid display of the rea_ved information that
allows the use_ to use the mouse to select a
display of the full citmion
• Windowing system requires XI I Release 4 of
the MIT X-Windows system
• Look-and-Feel requires OSF/Mofif tool kit
• Database scrvicc n_quires INGRES with SQLJC
User w_ must be Xll Rcicue 4
servers. Current user workstations mppomd
include Sun, Macintosh running Exodus, and
personal computers naming Microsoft Windows
and Exodus.
"/'hecommunication path bctwem the various
components is wovidod by the TCP/IP protocols-based
Inter Process Cmnmunicadons facilities, supported on
LocalAreaNetwoAs and Wide Area Networks. The
NAN[ communication tool kitaccessestheNASA
ScienceInteract(NSD and the National Science
Foundation Network (NSFNet)0 which m¢ used as the
access paths to the remote informmion retrievaJ
services.
Status _ the Protot/pe
The NAM was rapidly ckveloped and was first
demonstralcd to the user community in April of 1992.
This version of the prototype provides the following:
e A window thatpresentstheretrieved
information in its ¢nlircW and allowstheuserto
mail, print, fax, or save the retrieved
infmmmion, or order a copy of a report cited in
the bibfiographic database
A peer _ator function that provides several
ways of locating contact infot'raation for NASA
employees and contractors: an X.500 directory
user Meat; electronic telephone books for most
of the NASA centers; Knowbots, which search
the user files of a number of mail systems; and
IntexnetWhois and Finger utilities.
Bulletin board systems that assist users in
communicating with other Intcrnet users
(USENET), or searching large numben of
remote hosts (WAIS, Archie, and Gopher).
These facilities me all provided through an iconic,
form-based interface, whe=e the user fills in a form with
the kefooard or selects options with the mouse to
a query. The NAM handles connection to the
remote system, selection of the appropriate application,
and _ the query at u_e remote host. The NAM
also wesents the results of that remote session to the
use_ in windows u_atallow the us_ to perform further
action on the retrieved informatio..
A souurce locator that scarc_ a database of the
available sources to select those sources which
cover the subject of inte_st
Figures 2-6, which go through the steps to query a
remote bibliographic database, illusu,atethe functional-
ity and look-and-feel of the NAM user interface:
B
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Figure 2, NAM I_in Menu
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Figure 3. Smarm I.m=atorSmmn
I.The ttsefclicksoa [heDalaSourc_iconfrom
theNAM Main Menu (seeFigure2)withthenmuse,
2. The NAM rheadisplaystheSource_
window (seeFigwe 3).The userente_rsthesubjectof
_ by typing it in the Subject area, m by selecting
a subject from the List of subjects under the List
pulldown.Whm theSubjectareaiscomplete,theuser
clickson theLocatebuttonmd t_e NAM displays the
suggestedsource(s)for that mbjectinthe
and Fdes area. The wet thenselectsasourcewithd_e
mouse andclicksm dieCcnne_ beam, andtheNAM
connectsthemet tothatremotesystemandtothe
appropriatefileinitsdatabase.
3. Once the conneclion is made, a query form at
the selected level of expertise(Novice, Intermediate, or
ExpeN) is displayed (see Figure 4 for an example of an
In.mediate screen). The usez fills in at least one of
the po_ble parmnet_ for lhe query. When theSearch
btatonissekctedwiththemouse,theNAM parseslhe
searchparametenandwanslatesthequeryintothe
appmpriale syntax, displays the translated query, and
mmsmits the query string to the remote system. The
user can search ilerafively by addingnew search
pmmnelers and applying them to the most recently
retrieved set. When each search is completed, the
number of reo3_ found is displayed in the Number of
Hits: area. At that point, the View button is active; if
the user clicksm it, the NAM displays the Range
Selection Menu, where h_e user selects the number of
c'nations to view, and clicks on its View button.
4. The NAM then displays the selected range of
records in their shoN format (see Figure5), where each
citationisitselfa large button.
5. The user selects those citations of inm'est with
the mouse and clicks on View to see the selected
records in their entirety (see Figure 6). At this point the
user may perform the operations shown at the right of
the full citation display.
A similar visual, from-based interface is provided
for the other NAM facilities.
Future Phum
TheNAM _ willbeevaluatedby usersat
NASA C.eme_ theEuropeanSpaceAgency(ESA),
andsomeNASA Programoffioes.Thisevaluationwill
focuson seveaalissues:I)What proportionofscientists
andmgineersprefertoconducton-lineresearch
themselves?,2)Which oftheofferedsearchmecha-
nismsis prefen_dT, 3) Are most of the frequeatly-asked
queries supported?, 4) What are the priorities in
lxoviding other forms of information besides text?, 5)
What are the priorities in Ixoviding other sota'ces of
information?, and 6) Which Intemea tools ale needed
most7
One requirem_tofthefutureNAM is thatheuser
interfaceb easily customized for specific user commu-
nities,Anotherrequirement for the future is to provide
for two- and three- dimensional visualization and
madedng of data sets, both for user input and results
output This can, for example, provide searching of a
chemical database by stature, and visualization of a
retrieved dataset Both of these capabilities exist, either
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Figure 4. IntormediaW Scre4m
asa functionof_ remotesource,efsscommercialor
publicdomainsoftwarethatcouldbe_ into
theNAM. A dtirdimp-ovem_t wouldprovidemarl
gateway_cess.Thiswouldallowwetswithno direct
network connectice to _ NAM by mail. l_us_
would fill in a form _ his/h_ local lmx_,ssor ami mail
it to a _ addre,,_ The form would be decoded
by the mail gateway and fed to NAM, which would
cxccu_ the canned_ orquery. Results would
bc mallei tack m the originator ¢_ the message.
Using the evaluatioa infmnation collected during
prototype testing, the NASA ST[ Program will develop
a report of die _ lean_ fxom the _, and
beginthedesigno(thefurzeNASA Acce_ Mech_ism.
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Figure S. Abbreviated Citations S_reen
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Figure 6. Long Citations Screen
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